Polarity of isolated blastomeres from mouse morulae: detection of transcellular ion currents.
Eight- to sixteen-cell stage mouse morulae were dissociated with Ca2+-free medium into blastomeres that were labeled with fluoresceinated-succinylated Con A (FS-Con A) to mark their apical-basal axes. The vibrating probe was then used to map their extracellular current patterns. The average current density around normal blastomeres approached the resolution of the probe system (0.2 microA/cm2) and was undetectable in the majority of blastomeres. Since the current density at the measuring point outside the cell is known to increase with cell size in other systems, enlarged blastomeres were created by fusing together blastomeres of 4-cell stage embryos in 45% polyethylene glycol. Enlarged blastomeres were then aggregated with normal blastomeres using phytohemagglutinin and cultured to the 8- to 16-cell stage to allow them to become polarized. Such aggregates were then dissociated with Ca2+-free medium to recover polarized, enlarged blastomeres. The enlarged blastomeres were 30-65 microns in diameter and 70% of them generated a detectable current; currents were detected around 83% of those blastomeres larger than 40 micron in diameter. The current pattern in these most reliable cases was predominantly inward apical (11/16 or 69%) and outward basal (15/16 or 94%), with lateral currents about three-fold smaller in amplitude than these apical-basal currents. Lateral currents were undetectable in 53% of the cases. Preliminary data suggest that the inward current is carried in part by Na+ influx and is independent of the Na+,K+-ATPase over the short term. Transcellular ion currents were detectable as long as 4 hr after dissociation, and the apical-basal current pattern was usually stable during that time. In contrast, the fluorescent cap of FS-Con A faded within 7-30 min at 35 degrees C but remained stable in 0.1% azide or 1.5 micrograms/ml cytochalasin D. The electrical polarity therefore persisted after the apical cap of Con A fluorescence was no longer visible. We propose that these transcellular ion currents may be involved in the establishment of blastomere polarity and describe a mechanism of action in an "ion current polarization" hypothesis.